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PREFACE

In accordance with contract G-81-22 between the City of Seattle
and Parametrix, Inc. dated December 2, 1981, Golder Associates,
under subcontract to Parametrix, Inc., has conducted geologic and
hydrologic studies to determine subsurface conditions and provide
geotechnical and hydrolégidal design criteria for the closure of
the Midway and Kent Highlands }andfills, This report, which

" summarizes our findings and recommendations, is divided into two .

parts:

part I - Midway landfill
Part II - Kent Highlands landfill

Golder Assoclates . L DRAFT .



. PART I
MIDWAY LANDFILL
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1.0 INTRODUCTION

1.1 GENERAL SITE DESCRIPTION

The City of Seattle is currently operating a municipal landfill
known as the Midway landfill. The landfill which has been in
operation since 1966, is located in Kent, Washington approxi-

mately 16 miles south of Seattle (See Figure 1-1). The site is .

bordered on the east by Interstate 5 and on the west by Highway

.99,

The existing landfill is approximately 60 acres in area and up to
120 feet in depth. Review of information concerning the vicinity
prior to operation of the landfill indicates that the landfill
was placed partially over an abandoned gravel pit and partially
over an old peat bog referred to as Lake Mead.

Filling operations on the northern half of the landfill have

ceased and there is limited vegetation growing on the top as well
~as on the side slopes. Surface runoff has. caused considerable

erosion to some of the existing side slopes exposing the refuse.
Filling is currently taking place along most. of the south face
where material is dumped from haul trucks and spread with dozers.
During or at theé end of each day the current day's waste is

" covered with soil that has been hauled to the site or obtained

from on-site borrow areas.

Previous to and during the course of operation various drain

lines had been placed underneath, in and adjacent to the
landfill. The landfill is currently acting as a drain field for
surface water collected east of I-5 which is conducted into the

“landfill through two lines running under I-5. Due to inadequate

surface water drainage at the Midway site various surface water

Golder Assoclates
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ponds have forméd, particularly along the northern and western,
perimeter, ' o

Methane gas is currently being vented and burned at various

- collector wells in the northern half of the landfill.

1.2 PURPOSE AND SCOPE

"Prior to this study no site specific information existed

concerning'the geologic and hydrologic conditions at the Midway
landfill, and thus no conceptual designs for a closure system had
been identified. The purpose of this study was to obtain site
specific information and ascertain the feasibility of possible
closure system elements. Specific objectives were to:

1. Determine the geologic and.hydrélogic conditions beneath
and adjacent to the landfill.

2. Analyze the geological and‘hydrological conditions in
order to determine the technical feasibility of various
closure system elements. '

3. Address the following elements for a closure system
design: ' |
o surface water management
o) leachate/groundwater managementl'
o methane gas’management
o cover design. o

4. Provide conceptual geotechnicai design details for the.
proposed elements.

5. Recommend a long term performance monitoring system.

Gdlder« Aséoclates ,
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This investigation included a review of existing data, field and
laboratory investigations of the site and of potential borrow
materials, and an engineering analysis of the collected data to
provide designs of various elements of a conceptual closure

system.

This study only addresses the geotechnical and hydrological
aspects of a closure system. Detailed studies which would be
required to assess the current extent of contamination associated
with the landfill and a prediction of future contaminant
migration are beyond the scope of this study, as is the design of .
measures to mitigate existing contamination ‘beyond the limits of
the landfill.

Golder Associates
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2.0 INVESTIGATION PROGRAM

2.1 REVIEW OF EXISTING DATA

A comprehensive review of existing information pertaining to ﬁhe
Midway site was undertaken. Included was a review of geologic
and topographic maps, aerial photographs of the site taken before
filling, water well logs for wells drilled in the vicinity of the
Midway landfill,,and a report concerning operation of the gravel
pit prior to the landfill.‘ Essentially no information was found
concernihg detailed geologic and hydrologic conditions below or
directly adjacent to the landfill. A complete list of all
documents concerning the Midway landfill which were reviewed is

contained in Appendix A. Pertinent data from these documents are

discussed later in this report.
2.2 FIELD INVESTIGATIONS

A field investigation program was undertaken to determine the
geologic and hydrologic conditions in, underneath, and directly
adjacent to the landfill. The occurrence of surface water and
methane gas migration in the vicinity of the site was also
assessed. These items are discussed individually below.’

2.2.1 Drilling

A series of 11 boreholes were drilled between the dates of
January 15, 1982 and February 15, 1982. The location of each
borehole 'is shown in Figure 2-1 and detailed borehole logs are

presented in Appendix B.

Four boreholes in the landfill were drilled with a Mobile B-61
drill rig using a hollow stem auger. Two boreholes were

‘Golder Assoclates | . DRAFT




completed in the landfill materials (BH-4 and BH-5) and two were
advanced through the landfill material into the underlying
natural soil (BH-3 and BH-7). Below the landfill samples were

collected at 5 foot intervals.

Auger drilling was attempted.at'three locations outside of the

~landfill but was unsuccessful due to the auger encountering

numerous cobbles and boulders in the subsurface materials.
Subsequently, air rotary drilling with the Mobile B-61 rig was

~attempted. This was successful in BH-2A until a layer of clean

gravels was intersected which would not remain stable. " These
collapsing materials plugged up the hole and jammed the bit. 1In
order to stabilize these collapsing materials.drilling mud was
ﬁsed. Mud rotary drilling was used to complete two holes (BH-1B
and BH-2A) on the west side of the landfill uéing biodegradable
muds over the intervals which were completed for water sampling
to avoid formation plugging. » '

The remaining two boreholes, BH-8 on the west side and BH-6 on
the south side, were drilled with a Speed Star "drill and drive"
water well rig. This technique involved air rotary drilling
while driving steel casing directly behind the bit using a
pneumatic hammer. During all rotary drilling, samples of drill

cuttings were collected at 5 foot intervals.

’

All drilling was conducted under the supervision of a Golder
engineer who was responsible forvlogging the holes and obtaining
samples. All sahples were returned to the laboratory for
clagéification and index testing.

2.2.2 Groundwater Sampling Well Installation

Groundwater sampling wells were installed in seven boreholes, two

within the landfill materials (BH-4 and BH-5), two directly below

DRAFT
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the landfill (BH-3 and BH-7), and three outside of the landfill
(BH-1B, BH-6, and BH-8). The wells placed in and below the
landfill were constructed of 2 inch threaded Schedule 80 PVC pipe
with a 2 foot slotted PVC screen attached to the bottom. The PVC
was placed inside the hollow stem auger at the bottom of the -
borehole. Pea gravel was placed around the screen and the wells
were sealed within a specific interval in the borehole using a

cement-bentonite slurry.

Two groundwater.sémpling wells (BH-6 on the south and BH-8 on the
west sides of the landfill), placed‘in boreholes drilled with the
Speed Star drill and drive rig, consisted of 4 inch diameter
threaded Schedule 40 PVC pipe witﬁ the bottom 10 feet slotted.
The casing was lowered inside the 6 inch diameter steel casing.
Sand and'gravel were élaced around the slotted section and a
bentonite seal was placed on top of the sand and gravel.’
Subsequently the steel casing was pulled up until it was above
the water table. A steel well cover with‘locking cap was placed
over the top of the protfuding steel casing.

. A special technique was used for completion of the‘groundwater

sampling well installed in the mud-rotary drilled borehole BH~1B.
The hole was drilled to a specified depth using bentonite'mud'to
stabilize the hole. A 4-inch threaded Schedule 40 PVC pipe was
then placed in the hole and cement‘was forced into the annulus

- between the pipe and the borehole. This isolated the bentonite

mud from the sample section directly below this level. After the
cement had hardened, the borehole was drilled approximately 15
feet further using a biodegradable mud. A 2 inch threaded
Schedule 80 PVC pipe and slotted screen were then inserted inside

" the 4 inch pipe and pushed into the sample interval. A rubber
" bushing was used to seal the 2 inch pipe against the 4 inch pipe.-

The biodegradable mud was then broken down and flushed out.

'DRAFT
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No PVC cement or solvent waé used in the well installation to
avoid potential contamination of water samples by organic
compounds present in the solvent and cement.

2.2.3 Groundwater Sampling and Testing

On February 22, 1982 .all groundwater sampling wells were
developed by evacuating water using compressed air for a minimum
of a half hour. Wells BH-3, 4, 5 and 7 produced only a fine
stream of water after initially expelling the standing water in
the well. Boreholes BH-6 and 8 were develdped by the same
technique but were never blown dry due to the large inflow of
water into them. Production rates of 12 and 8 gpm were measured
at the completion of drilling in BH-6 and 8, respectively.

During development of all wells except BH-3, water quality
samples were taken and analyzed for basic field water qualityb.
parameters including temperature, salinity, conductivity .and PH,
some of which are leachate indicators. Field water quality
samples from BH-3 and-the Linda Heights well (located east of I-5
in the Linda Heights park) were taken with a nitrogen 1lift
sampler and,analyzed; Basic field water quality tests were also
conducted in surface water ponds that existed at the time of the
field study. h '

The results of all field water quality tests performed are listed
in Appendix C. No laboratory water quality analyses have been

completed to date.

- Permeability tests were conducted on February 23, 1982 in wells

BH-3 and 7 utilizing a bailer to remove water and then monitoring
recovery within the sample well. Tests were attempted in BH-6
and 8 but recovery was essentially instantaneous, thus precluding

Golder Assoclates -
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analysis for permeability. The results of the permeability tests

are presented in Section 3.3.2.

Water‘levels in all sampling wells, piezometers and the Linda
Heights well were monitored between the dates of January 21, 1981
and April 7, 1982. A summary of water level measurements is

presented in Appendix C.

2.2.4 Methane Gas Sampling Well Installation and Monitoring

The Seattle-King County Health Department has placed‘a series of
19 shallow gas samplihg wells west of the landfill. Wells are
generally about 42 inches deep, consist of slotted plastic pipe
surrounded by gravel and are covered with a slotted PVC cap. The
location of these wells are shown on Figure 2-1., In addition to
these wells, Golder Associates placed 3 deep gas sampling wells
in boreholes BH-1 and. BH-2A. These wells consist of 2 inch
Schedule 80 PVC ?ipe with a 2 foot slotted PVC screen attached to
the bottom. Gravel was placed around the slotted screen which
was sealed within a specific interval in the borehole using
bentonite. Methane gas levels were measured by the Health
Departmeht on December 15 and 22, 1981 and'January 7, 1982 and by
Golder Associates on January 12 and February 23, 1982.

Golder Associates also received from the City of Seattle
Engineering Department a letter from the Department of Health

" which contained the results of monitoring for methane gas around

the Midway landfill in building structures air spaces
(interior-crawl spaces, etc.) in storm drains, and in .Pacific
Northwest Bell ground vaults. Results of all methane gas

monitoring are presented in Appendix C.

‘Golder Assoclates
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2.2.5 surface Water Mapping

Surface water occurrence was mapped on February 23, 1982. The
location of seep areas on the sides of the landfill were also
identified. Large areas of ponded water in the proximity of the
toe of the landfill were skétched on topographic maps and the
levels of these ponds were later surveyed. Surface water

occurrence is shown in Figure 2-1.

2.2.6 Survezing

The City of Seattle provided services to surveyAthe location and
elevation of all sampling wells, piezometers and surface water
ponds at the Midway site. The locations and elevations of all
points are presented in Appendix C.

2.3 COVER MATERIAL SEARCH

An investigative program wés'dndertaken to determine potential
sources of fine sand, silt or clay which could be used separately
or combined with other granular materials to form a suitable
final cover. A number of City, County and State offices were
contacted concerning possible SOurces of final cover materials.
A complete list of the information obtained is presented in
Appendix D. .

2.4 LABORATORY INVESTIGATION

A'laboratory investigation was conducted to determine the basic

geotechnical and hydrologic properties of the materials

encountered during the field investigation. The laboratory

testing program included the following:

Golder Associates - _ A DRAFT |




gradation
compaction-
natural moisture content

0 00 O

permeab111ty

,.Laboratory tests were also conducted on samples of potential

. cover materials.

Individual tests are discussed in the follow1ng subsectlons. The
results of the laboratory ‘investigation, in conjunction with the

results of.the field investigation, are presented in Section 3.0
of this report. ' ' I

'2.4.1 Gradation

' Gradation tests were not conducted on the majority of samples

obtained from the'drilling program, because they were not of
sufficient 81ze to be considered representative of the material
encountered. Representatlve samples were obtalned from the
epreed walls 'in the southwest corner of the landfills. Gradation

<‘tests'were conducted on these samples and samples collected from

potential borrow sites for the cover material. Test were
conducted in accofdance with procedures outlined in ASTM D422 and
D1140. | B |

5

2.4.2 Compaction

_Compaction tests were. performed on samples taken from potential
borrow materials. Harvard Miniature compactlon tests were

conducted according to procedures outllned in Head (1980).
Certaln samples were recompacted under cond1t1ons s1mu1ating
placement in the field, per the recommendation of Lutton (1979);
the energy was reduced to account for the anticipated lower

‘Golder Associates -

10

'DRAFT



I

compaction under field conditions due to the soft material
underlying the compacted layer.

2.4.3 Moisture Content

Natural moisture content was determined for samples from the
field exploration program. Tests were conducted according to
procedures outlined in ASTM D2216. '

2.4.4 Permeability

Permeability tests were conducted on recompacted samples'of

vpotential cover material. All particles larger than the #10

sieve were removed before testing. Samples were compacted
directly in a permeameter at optimum moisture content based on

the results of a compaction test carried out on the material.

The samples were recompacted under conditions simulating
placement in the field, per recommendation of Lutton (op. cit.).

Tests were conducted according to procedures outlined in Soil

Testing for Engineers (Lambe, 1951).

Golder Assoclates | | DQ AFT 4
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3.0 GEOLOGIC AND HYDROLOGIC CONDITIONS

3.1 GEOLOGY
3.1.1 Regional

The current geographic features in southwestern King County are a
result of the Vashon glaciation. The land mass in the vicinity
of the Midway landfill, bordered by the Green River and Puget
Sound, consists primarily of ground moraine deposits. These
deposits are composed of compact unoxidized till, with
discontinuous covers of sands and gravels.

The Midway landfill is located in a localized depression in
ground moraine deposits of advance glacial outwash. These
materials were deposited by proglacial streams during advance of
the ice sheet. The materials can generally be described as a
complex mixture of light-gray sand, sand and gravel, gravel and
cobbles. It locally includes some fine sand and laminated silts
and clays.

3.1.2 Site Specific

The site specific geologic conditions in the vicinity of the
Midway landfill were determined from the results of the field
investigation.

Geng;ally, the stratigraphy consists of the landfill materials
overfggh—by a thin layer of tan and brown silts and clays. These
fines were deposited during the gravel mining operation as a
result of washers that were used to remove the silts and clays
from the sand and gravel. Water was obtained from Lake Mead and
then recycled back resulting in the silts and clays being

Golder Assoclates
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13
deposited on the bottom. Near the end of the mining operations
the natural barrier separating the gravél pit and Lake Mead was
broken. Water flooded the base of the pit and some of the fine
grained materials from Lake Mead were deposited at the base of
the gravel pit. The fine-grained deposits are probably of
limited extent and do not form a continuous layer under the
landfill. In the north sectiqn'of the landfill, where Lake Mead
was once located, the silts and clays overlie deposits of peat.
Underneath the peat deposits and the remainder of the landfill is
a complex mixture of glacial outwash materials.

The glacial outwash deposifs consist of material ranging from
clayey sand and gravel to clean gravels, with zones of silts and
clays. Along the western border of the landfill are two separate
deposits of a gray silt and a silty clay. Also on the east of
the landfill a thin clay pocket was intersected. There appears
to be .a large permeable water-bearing zone running approximately
north-south beneath the center of the landfill, alihough existing
data are insufficient to actually delineate this zone.

Figure 3-1 shows croSs sections through the landfill. These
sections have been drawn to intersect several of the exploration
locations and generally indicate the major geologic features
occurring at the landfill.

Due to the coarse nature of the glacial,outwash deposits it was
extremely difficult‘to obtain representative samples of these
materials for laboratory testing. Drive tube samples that were
recovered were returned to the laboratory for classification and
" water content testing. The results of these tests are shown on
the borehole  logs. Rotary drill‘cuttings'were obtained over 5
foot intervals and were used for_classification of the
materials. o '

DRAFT
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Pwo large bulk samples were obtained from the material exposed on

the south and west slopes of the old gravel pit. Grain size

tests were conducted on both samples and are shown in Figure 3-2.-

These samples indicate a partial range of the grain sizes that
are representative of the giacial outwash materials. The samples
are generally well graded and contain a significant amount of
silt-size métefial.

3.2 SURFACE WATER

3.2.1 Regional

" The regional flow of surface water is controlled by the regional

ground surface‘contours. Figure 3-3 shows ground surface
contours in the vicinity of the Midway landfill with the dashed
line indicating the épproximate surface water divide between the
Green River and Puget Sound dfainages. Surface water falling in
the vicinity of the Midway site will flow towards Puget Sound.

3.2.2 Site Specific

Review of aerial photographs covering the Midway site. in 1936 and
1946 confirm that the landfill was located in a local depression
and that there has probably never been any surface drainage off
of the site. Water that collected in this area either flowed
into Lake Mead, infiltrated into the groundwater or
evapotranspired. |

The landfill is currently servihg as a drain field for surface
water that is collected east of I-5. Water is conducted in two
CMP culverts running under the freeway and into the landfill.
Surface water ponds are located alqhg the north and west border
of the landfill and in the southwestefn corner. These ponds are

14
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15 .
fed by both on-site and off-site surface drainage as well as from
seeps in the landfill. The levels of these ponds reportedly vary
considerably depending upon season of the year. Surface water
infiltrating into the landfill is apparently percolating below
the landfill into the regional grohndwater. The water level in
the pond located near the scale house on the west side of the
landfill is currently being controlled by pumping excess water
into the pond in the southwest corner of the landfill where it
readily infiltrates into the permeable'materials underlying the
~area. Existing culverts and the extent of surface water ponds on
March 9, 1982 are shown in Figure 3-4.

3.3 GROUNDWATER
3.3.1 Regional ‘

Approximate contours of the regional groundwater table are shown
in Figure 3-5. These contours were constructed from static water
"levels of various wells in the area reported in Water Supply
Bulletin No. 28 (Luzier, 1969). Water levels were obtained from
drillers logs and were measured over a period of years from
various depths and aquifer horizons. Thus, significant scatter
in the readings is observed. Non-rgpresentative readings may
also have resulted from water level measurements taken shortly
after the'wells were pumped. This may account for some of the
areas of localized depression of the groundwater contours. In
- general, the grdundwater'COntours follow the same pattern as the
ground surface contours and indicate that there is a groundwater
divide north of the Midway landfill from which water is flowing
out in all directions. The landfill is located near the divide
between groundwater flowing into the Green River and that flowing
into Puget Sound. The data is insufficient to draw detailed
groundwater contours at the Midway site but based upon measured .
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water levels and surface topography, groun&water is believed to
be flowing generally to the south or southwest.

3.3.2 site Specific

Static water level elevations in all water sampling wells
completed at the Midway site were measured on March 9, 1982 and
are shown on Figures 3-6 and 3-7. ~The direction of the
groundwate;'flow in the vicinity of the landfill is complex.
Within the landfill groundwater is perched on the silt and clay
layers that were identified in certain areas at the base of the
landfill as indicated by static water level elevations of wells
completed in the landfill shown on Figure 3-7. This perched
mound is being fed by surface water from the site and east of
I-5. . Water from this mound is apparently percolating into the
regional groundwater probably through pervious zones identified
at the southern end of the landfill. Static water level
elevations from wells located below or outside of the landfill
indicate that there is a localized groundwater mound in the
regional groundwater system along the west side of the landfill
(see Figure 3-6). This is probably due to the numerous surface
water ponds located in this area which are recharging the
groundwater. This localized mound evidently cauées groundwater

on the west side of the landfill to flow eastward towards the

center of the landfill and then southward out of the immediate
area of the landfill. During the dry season of the year when
these ponds are reduced or disappear, static groundwater levels
on the west side of the landfill may drop and the gradient could
turn to a southerly or southwesterly direction. ‘

Field water quality samples were taken from each sampling well

and tested for leachate indicators. The results of all field
water quality tests are listed in Appendix C. Conductivity

" Golder Assoclatés
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values, which are usually a good indicator of the presence of
leachate, are shown in Figure 3-8. Conductivity readings for
uncontaminated groundwater in this area are probably in the the
range of 100-200 umhos/cm. Readings greater than this probably
indicate leachate contamination. The values indicate that most
leachate generated from the iandfill is flowing downward to the
regional groundwater table and then towards the south in the
direction of the regional groundwater flow. It should be noted
that the direction of the groundwater flow (and leachate flow) in
the vicinity of the landfill could .change during the dry season

of the year and that continued monitoring'éf water levels is

required to evaluate seasonal fluctuations in flow direction.

Field permeability tests were conducted in boreholes BH-3 and
BH-7 which were sealed into the glacial deposits below the
landfill. The recovery of water in BH-3 was extremely slow
indicating that the tip was located in low permeability material
or that it may have become partially plugged. Permeabilities of

5 x 10-7 cm/sec and 4 x 10-5 cm/sec were measured for
BH-7 and BH-3 respectively.

- Rising head tests similar to those conducted in BH-3 and BH-~7

were attempted in BH-6 and BH-8. In these larger diameter wells
only a small drawdown could be obtained with the air compressor
that was being used to blow out the holes. The recovery was so

-fast that reasonable data could not be obtained for an exact

determination of the permeability. From the observed material
characteristics and pumping rates that were recorded during
drilling, it is estimated that the permeability may be on the

order of 10-2 to 10-3 cm/sec for material intersected in

BH-6 and BH-8. These values are representative of the types of

materials present.

- DRAFT
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3.4 METHANE GAS

Review of the monitoring data indicates that there are th areas
of high, near-surface methane gas concentrations (see Figure
3-9). These areas are outside of any fill material, thus gas is
traveling through the subsurface soil to the west. The methane
gas problem wes first identified in the area when Pacific
Northwest Bell workmen opened a telephone vault and noticed high
levels of methane gas; indicating that the gas'is migrating in
existing utility trenches west of the landfill. No other areas
of methane gas mlgratlon have been 1dent1f1ed or reported around
the periphery of the landfill.

A large portien of the area lebeled A in Figure 3-9, which
contained high subsurface‘methane gas cencentratione, is covered
with impermeable asphalt or concrete. This is believed to be
trapping gas underneath, forcing it to travel horizontally
westward. Upon reaching Highway 99 the gas probably flows in-the
relatively more pervious backfill of utility trenches, running .
along the highway, to the area labeled B, Storm drainage lines
have been identified running across Highway 99 in this area.

" Three wells were completed to detect any deep migration of

methane gas at the locations shown in Figure 2-1. Monitoring in
" these wells has not indicated any presence of deep methane gas

migration, thus enforcing the observation that gas migration is
directly beneath the asphalt and cement.
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4.0 ELEMENTS OF A CONCEPTUAL CLOSURE DESIGN

4.1 REGULATORY REQUIREMENTS

Municipal solid waste landfills should not contain substances or
characteristics which would classify them as hazardous waste
under the Federal Resource Conservation and Recovery Act (RCRA)
or as dangerous waste under the State of- Washlngton Dangerous
Waste Regulations WAC 173-303. Therefore it is assumed, for the
purpose of this study, that Midway is not a dangerous or
hazardous waste site. It is not clear whether the site will have
to be specifically tested for hazardous waste characteristics of
ignifability, corrosiVity, reactivity and EP toxicity as defined

‘in RCRA and WAC 173-303.

Relatively few specific requlatory requirements pertaih to
groundwater monitoring at solid waste sites. Under RCRA, the EPA

has published criteria in the Federal'Register (FR) September 13, -

1979 for classifying facilities as either sanitary landfills or

" open dumps. Groundwater criteria specify that "A-facilify or

practice shall not contaminate an underground drinking water

4sdurce~beyond the so0lid waste boundéry e« « « " The term

"underground drinking water source" applies to any aquifer
supplying drinking water for human consumption or any aquifer
containing groundwater with less than 10,000 mg/l1 total dissolved

solids. .Under the latter definition the groundwater in the

Midway area would be con31dered a drinking water source and thus
contamination should not extend beyond the property boundary.

State and County regulatory requirements governing landfill

operation and closure are outlined in State of Washington
regulations relating to Minimum Functional Standards for Solid
Waste Handling, WAC 173-301 and King County Board of Health Rules

Golder Assoclates
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and Regulations Establishing Minimum Functional Standards for
Solid Waste Handling; Prohibiting Certain Conduct, Number VIII.

Applicable state and county requirements are listed below.

\

Plans for a sanitary iandfill shall include provisions
for interception and treatment of leachate at all sites
where the average annual precipitation is 25 inches or
more. Interception and treatment may be requiféd at
other sites. Plans and specificatiohs:for leachate
collection and treatment must be submitted to and be
approved by the Department of Ecology and an application
for a waste discharge permit be submitted where
applicable. It shall be the responsibility of the
operator to develop a'sampling and testing program for
leachate approved by the Seattle-King County Health

' Department.

The distance separating the groundwater table from the

decomposable organic waste and hazardous wastes shall be
determined on a case-by-case basis. Generally a

‘separation equivalent to four (4) feet of impervious
soil shall be the minimum separation between the bottom

of the fill and the highest groundwater.

Provision shall be made for adequate. venting or redi-

~recting of gases génerated by solid waste, if conditions
_reQUire. It shall be the responsibility of fhe-operator
- to develop a sampling and testing program to monitor gas
production approved by the Seattle-King County .

Department of Public Health.

Golder Assoclates
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As soon as possible after reaching the final 1lift of a

given area of a site, the area shall be covered with an
equivalent of two (2) feet of compacted'soil adequately
sloped to allow surface water to run off. ‘

The finished surface of the filled area shall be covered
with adequate tillable soil and seeded with native
grasses or other suitable vegetation immediately hpon
completion, or as soon as conditions permit. If

‘necessary, slopes shall be covered with straw or other
- mulch to prevent erosion, both before and after seeding.
_Final grades shall conform to those specified in the

approved design plan. Proposed revisions of the
original design plan shall be submitted to the Health
Officer for approval.

At the completion of the final cover of a sanitary
- landfill, the Seattle-King County Department of Public

Health shall be notified at least thirty (30) days in

advance in order that a site investigation may be-
"conducted before earth-moving equipment is removed from

the property. Maintenance shall be conducted by the
owner of this site at the time of the abandonment and/or
completion until the fill becomes stabilized or for a
minimum of five (5) years. Necessary leveling and

repairs shall be made. .

Maps -and a statement of fact concerning the disposal
area shall be recorded as part of the deed with the
County Department of Records and Elections not later
than three (3) mbnths after the completion of
operations. Records and plans specifying materials,
lpcation; and periOds‘of operation shall be available

Golder Assoclates
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for inspection. Areas used for the disposal -of wastes
shall not be sold or transferred without advanced
notification of the Seattle-King County Department of
Public Health. ‘

The King County Health Department and the Washington Department
of Ecology have enforcement power over the regulations but it is
Uncertain to what extent these agencies will require remedial
measures to be taken at the Midway site. We have developed
‘various conceptual closure design elements and recommendations
which are intended to satisfy the regulatory requirements

concerning: |

Surface water management
Leachate/groundwater management
Methane gas management

O 0 0 o

Final grade contours.

The particular elements that are inéorporated into the final
closure system at the Midway landfill will depend on a number of
factors including»regulatory”requirements, final land use and

cost.

4.2 SURFACE WATER MANAGEMENT

The control of surface water runoff is currently a majbr problem
at the Midway site. Poor drainage patterns allow ponding and
infiltration, of on-site runoff, into the fill. Sufface runoff
. from east of I-5 is directly injected into the landfill by
subsurface drains. ~Tﬁese practices contribute to leachate
production and'migration.. As part of the closure plan, an
effective surface water management system must be developed which
provides adequate drainage aﬁd release ofvsufface'water and
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prevents infiltration into the landfill. This will probably

involve appropfiate grading of the landfill to provide drainage,:
construction of on-site retention facilities, construction of
on-site and off-site drainage pipes or channels, and elimination
of the drainfield for water originating east of I-5. It is
understood that specific récommendations for surface water
management will be developed for the final closure plan.A

The major geotechnical concern regarding surface water management
is the elimination of infiltration- -into the landfill since this
serves to generate leachate.. Measures to accomplish this include
contour grading of the site and placement of a soil cover.

" Details of these measures are discussed further in Sections 4.4

and 4.5, respectively.
4.3 LEACHATE/GROUNDWATER MANAGEMENT

With effective control of the surface water at the site the
amount of leachate generated in the landfill can be significantly

‘reduced. Evidence indicates that the landfill materials are not

in contact with the regional groundwater table. Therefore, the
major'source of leachate, after steady-state post-closure
conditions have been reached, is iikely to be surface water
infiltrating the cover. Various conceptual design elements for
the reduction of leachate generation, collection of leachate, and
interception of groundwater .are presented below. These design
elements represent various levels of effort in the control of
existing and future leachate. The particular system chosen at
the Midway landfill will depend upon regulatory requirements,

'final land use and cost.

Gdlder Assoclates
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4.3.1 Soil Cover

Placement of a cover is intended to restrict the quantity of
surface water infiltrating the landfill and thus reduce leachate
production. As a minimum requirement, the landfill should be
capped with at least two feet of compacted soil, or egquivalent,

- The cover should consist of a relatively low'permeebility

compacted soil layer overlain by topsoil and a vegetative cover.

. It should be embedded at least two feet into the natural soils

surrounding the landfill. Generally, a final soil cover will
consist of clayey to silty sands. These materials are well
suited for a final cover because they retard infiltration, are
resistant to wind and surface water erosion, are plastic enough
to accommodate settlements with limited maintenance, and are
fertile enough to sustain vegetation. The~specific design of a
soil cover and availability of materials are addressed in Section
4.5,

4.3.1.1 Leachate Production

A compacted soil cover, as is recommended, will not provide a
completely impermeable barrier to infiltration. Therefore, an
estimate of infiltration through the cover into the landfill has
been made to assess potential quantities of leachate production.

The hydrologic system existing after placement of a soil cover is
conceptually shown in Figure 4-1. Water is provided to the
landfill by precipitation and lost by surface runoff, evapo-
transpiration and infiltration through the landfill into the
groundwater. Once in the landfill, water will flow vertically
until encountering either low permeability layers within or at

‘the base of thedlandfill) Water not intercepted by these layers

will infiltrate the regional groundwater.

Golder Assoclates
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A water balance method was used to estimate infiltration; the
details of which are pfovided in Appendix E. For the anticipated
range of cover permeabilities, 10-6 to 10-7 cm/sec, the
volume of annual infiltration through the cover ranges from
approximately 14.8 to 1.5 acre-feet. |

The above quantities of leachate production are only estimates.

Variations in cover characteristics, vegetation, precipitation
and other factors will significantly affect the net quantity of
leachate produced in the landfill.

4.3.2 Leachate Collection

In addition to a soil cover, a further reduction in the quantity
of leachate reaching the groundwater could be accomplished by a

will tend to .accumulate in the two low areas of the landfill at
the base of the old gravel pit and Lake Mead (see Figure 4-2).

Infiltration into the groundwater will be inhibited by the low

permeability peat and clay deposits that were identified in these
areas. Wells placed at the top of these low permeable materials
could be pumped as necessary to maintain the perched leachate
levels as ' low aé possible, thus reducing infiltration into the

groundwater.:

25

'system designed to collect a portion of the leachate. Leachate

Based on current information.as to the extent and depth of the

leachate in the landfill and assuming an effective porosity for
the landfill materials of 0.3, it is estimated that a drainable
volume of 300 acre-feet of leachate exists within the landfill.
Due to the limited lateral extent of these low permeability
layers (see Figure 4-2), not all of the existiﬁg leachate could
be removed by this system. A portion of the future leachate
generation, which is_estiméted to be between 14.8 and 1.5
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acre-feet yearly (depending on cover permeability) could be
removed.by periodic pumping. This system would probably not
intercept and remove all of the leachate in the landfill or that
generated by infiltration but would significantly reduce the
amount reaching the regional groundwater.

For the purpose of a conceptual‘design we have assumed that a
series of three wells located approximately as shown in Figure
4-2 would be used to remove leachate in the landfill. Water
levels in these wells along with other piezometers located in the
landfill should be monitored regularly. When water levels reach
some predetermined level the wells shbuld be pumped utilizing:
appropriate submersible pumps lowered down each well. Leachate
removed from these wells will require treatment before being
discharged.

In order to provide a detailed design of such a system, further
investigations would be required to determine the a¢r#£al extent
of the clay and peat diggééé;, the depth to the top of these
deposits over their aerial extent, and the permeability

characteristic of the landfill materials. This information could
be obtained from additional boreholes possibly combined with
geophysical surveys and pumping tests.

4.3.3 Groundwater Interception

If the City is required to eliminate or control all the leachate
leaving the site, then techniques for intercepting the
groundwater should beuinéorporated into the final élosure plan.
Techniques which might be considered include the following:

o Cut-off walls
. 0 Bottom sealing
o Deep well dewatering.

. . golderAssoclates | DRAFT -
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Various cut-off wall systems, which include bentonite slurry
trenches, grout curtains and sheet piling, are sometimes used to
divert groundwater. Usually these walls are embedded in some
impervious material below the landfill. At the Midway site there
is no evidénce of a continuous impervious material underlying the
site at a depth practical for construction of a cut-off wall.
Thus, a cut-off wall probably is not a viable alternative at

‘Midway.

Bottom seéling is an alternative Whichvinvolves creating a
bowl-shaped bottom seal beneath the site to isolate the landfill
from the groundwater. The seal is constructed by pumping or
pressure-injecting grout under the existing landfill throudh
tubes placed through the fill at regular intervals.

Although bottom sealing may theoretically be a feasible alterna-
tive for groundwater interception, there are many technical and
economic reasons why it is not considered viable at the Midway
site. The silty to clayey material encountered belqw the
landfill would make grout injection very difficult also there is
no wéy to positively determine if an effective seal has been
formed under the landfill. Even if the technical problems were
overcome, it is not considered to be a cost-effective solution

when compared to others (Tolman, 1978).

A more cost effective alternative for intercepting the
groundwater is deep well interception. This consists of placing
extraction wells down-gradient of the landfill (see Figure 4-3)
to intercept any groundwater contaminated with leachate. This
would require continuous pumping and -treatment of large volumes

of water.

DRAFT
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A further hydrogeologic evaluation of the aquifer, including
aquifer,testiné, would be required before a deep well system
could be designed. Based on the regional groundwater flow, a
series of these wells (the number, spacing and pump rates to be

determined from further investigations) could be installed on the

south end of the landfill.

A benefit of this system is that by reversing the gradient at the

south end of the landfill, water south of the fill would be
flowing back toward the wells. This would locally reverse the
direction of the plume migration and could remove some of the
existing leachate that has migrated -out of the site.

4.4 METHANE GAS MANAGEMENT

Methane gas has been found to be migrating off-site along the
western boundary of the landfill and the potential for migration
elsewhere around the landfill exists. Therefore, it will be
necessary to incorporate a methane gas collection system into the
final closure system. Recommendations concerning a gas
collection system are intended to: '

o} Provide an interim system that would intercept the
observed gas migration west of the landfill and could be
installed prior to closure '

o Provide a permanent system for collection and venting of
methane gas that would incorporate the interim system.

For control of methane gas that has been observed west of the
landfill Golder Associates has previously recommended that a
gravel—-filled interceptor trench approximately 15 feet deep be
placed along the west and north side of the landfill as shown in

Golder.AssocIates . ,' DRAF T '




Figure 4-4 (letter to Parametrix, Inc., dated Ma;ch 3, 1982, seé
Appendix F). Due to the urgency of the problem of methane gas
migration, portions of this interceptor trench will probably be
constructed before final closure. Surface water‘ponds in the
northwest corner and along the north side will prevent
construction of the trench iﬁ these areas 'until surface drainage

is provided.

In the southwest corner little or no filling has taken place to
date. A gravel interceptor wall should be constructed between
the existing natural materials and the fill as it is placed.
This will act as an interceptor of methane gas and should be
connected to the other methane gas interceptor trench when
filling is completed. |

For controlled collection of methane gas venting out of the

29

landfill we recommend placement of a layer of permeable, coarse,

granular material immediately under the entire final cover. This
would include a network of gravel-filled trenches and collection
pipes to conduct the gas to topographic highs. where it could be
burned, vented or collected (see Figure 4-4). ‘

Since final contours of the site have not been determined,
existing contours have been used for the conceptual design of the
gas collection system. The only major change in this basic plan
that would be required by a change in the contours would be that
the collection points would be moved to the new topographic
highs. Cross sections through a typical collection trench and an
interceptor trench are also shown in Figure 4-4. Depending onh

-the type of system and the number and location of vents/

collection points, it may be necéssary to apply negative pressure

(suction) to remove the gas.
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An alternative methane collection system would consist of methane
collection wells, drilled at sufficient spacing to vent: the
buildup of methane beneath the cover. However, it is considered
that these wells would not tolerate deflections to the extent

that flexible pipe would, thus long-term maintenance would be
more difficult. '

We understand that studies are being conducted by representatives

‘of the land owners to determine the feasibility of collecting

methane generated at the landfill for commercial use. These
studies were not available for this report. The conceptual
methane gas management system presented herein will centralize
the gas collection points and could probably be incorporated into
a commercial recovery systém. However, significant chénges may
be required depending upon the final design of a commercial
system. If commercial recovery is not utilized, then methane
must be either vented or burned in a controlled manner.

The field investigation did not identify any deep off-site gas.

migration., However, if the monitoring program discussed in
Section 5.0 reveals any deep migration, then deep withdrawal
wells may have to be installed to intercept this gas if it
presents a serious hazard.

4.5 FINAL GRADE CONTOURS.

We understand'ihat discussions are currently taking place between
the City of Seattle, the City of Kent and the landowners

 concerning the final contours of the site. Thus, in our analyses
-~ 'we have assumed that existing contours are representative of the .
~contours’ at closure.’ o '

\
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éontour grading of the landfill is a simple and effective means
for controlling surface infiltration. Grading the landfill to a
profile of a méximum of 12 percent and a minimum of 6 percent
with side élopes no steeper than 20 to 25 percent will allow
surface water to drain from the site and will minimize
infiltration (Tolman, 1978). If the minimum slopes are not
compatible with the intended final landuse, then subsurface
drains may be required to control infiltration. The final
surface configuration of the landfill should be designed'to
permit drainage even after settlement of the fill (estimated to

be up to 25%). It may be necessary to continually maintain the-
- surface grade during the first 5 to 10 years after closure when

the settlement will be greatest.

Final landuse at the Midway landfill should incorporate
recommendations for contour grading of the site, allow for
expected settlements and periodic maintenance, and accommodate
the methane collection system.

4.6 FINAL COVER DESIGN

Various artificial and natural materials can be used as a final
cover. Impérvious covers such as concrete, asphalt and synthetic
liners are very expensive and would typically only be required
when the toxicity level of the waste material is extremely
dangerous to public health (Kastman, 1981). At Midway a soil
cover system consisting of a low-permeability cover material
which is overlain by topsoil and a vegetative cover.should be
sufficient. The low-permeability cover material should be a
clayey sand to sandy silt. The compacted cover should have a
maximum in-place permeability of 10-6 cm/sec, with values of

10-7 cm/sec being more desirable.
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The soil cover should be placed over the existing soil cover
which is now in place and should be compacted to a thickness of
from two to three feet. Generally, the more plastic the
material, the thinner the cover can be. Topsoil should be in
addition to this thickness. It is estimated that between 0.2 to

0.3 million cubic yards of material will be necessary to .cover

the 59 acres of the landfill.

‘It should be recognized that special procedures may have‘to be

developed by the contractor during construction in order to
obtain proper compaction of the cover materials due to lack of
resistance from the underlying fill materials. The cover should
be embedded at least two feet into the surrounding natural soils

around the perimeter of the landfill.

An investigation was undertaken to determine the availability of

suitable cover material in the'vicinity of the Midway 1landfill.
Various State, County, and City agencies were contacted concern-
ing the availability of suitable cover material. The details of
the information obtained from these agencies is presented in
Appendix D. Large quantities of potentially locally available
material suitable as a final cover were identified. These

include:
o waste from the Mt. Baker tunnel excavation
o waste from the Metro tunnel excavation
o . waste from downtown Seattle building site excavations
o material from geologically unstable areas (i.e.,

landslides).
However, numerous deposits of coarse-grained glacial material are

available which, if combined with silt or clay, may be suitable
as a final cover. '
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Three samples of material from an abandoned sand and gravel

operation located near the Midway landfill (see Figure 4-5) were
obtained and tested to determine their feasibility as a final
cover, Figure 4-6 shows the grain size curves for the three
samples and Figure 4-7 shows the compaction curves for the
samples with the material éreater than the number 10 sieve
removed. Permeability tests were conducted on samples of this

_ material and results are listed in Table 4-1.

Table 4-1
Permeability and Compaction Test Results
_ _ Combined
Test’ ' S-1 S-2 S-3 Sample(3)
Maximum Dry Density (PCF) : :

Normal Energy (1) 106.5 115.0 . 110.5 -
Optimum Water Content(%) 14.3 15.8 '15.0 14.5
Maximum Dry Density (PCF) ‘

Reduced Energy(2) . 101.1 111.8 101.4 118.2
Measured Permeability - 6. s 8

Reduced Energy(2) ~ 7.0x10 2.3x10 1.0x10 2.2x10

(cm/sec)

Harvard Miniature - 5 layers, 20 blows/layer
Harvard Miniature - 8 layers, 5 blows/layer
60% sand (S-3) - 40% clayey silt.

o~ p—~
W =

The permeability samples were rec§mpacted at optimum moisture
content based on compaction test results under conditions
simulating placement in the field, per the recommendations of
Lutton (1979); that is, the energy was reduced to account for the
anticipated lower compaction under field conditions due to the
soft material underlying the compacted layer. Due to the high
permeability values for these samples, it is apparent that the
unmixed samples alone would not be suitable as a low permeability
final cover.
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In the Seattle area there are significant deposits of silty clay
to clayey silt which are locally called Lawton Clays. Thus we
feel that it is feasible to obtain significant quantities of this
fine-grained material to combine with more locally available
coarse-grained materials to comprise a suitable final cover.

A sample of this coarse-grained material was combined with a
clayey silt obtained from a downtown Seattle excavation to
determine if a combination of these materials could produce a
suitable final cover. The results of a grain size analysis test
and Atterberg Limits test on the clayey silt are shown on Figure
4-8., A sample was mixed of 60 percent sand.ahd 40 percent clayey
silt. The results of a compaction test and grain size analysis
are shown in Figure 4-9. A permeability of 2.2 x 10-8 cm/séc

was measured for a sample compacted at optimum moisture content

~and reduced energy. Atterberg Limit tests indicate a plasticity

index of 11. A material of this permeability and plasticity
could be used as a final cover.

Per discussions with State, City and County officials, the
material from various construction sites is available only during
a relatively short excavation period. Two alternatives are
available to the City: (1) the City'can begin actively searching
for this material and set aside an area where it could be stock-
piled until construction of the cover is initiated; or (2) the
City can delay looking for specific material until the landfill
is closed and then material obtained could be placed directly on
the landfill..

When specific deposits have been identified for final cover
material, further tests should be conducted to determine
compaction and permeability characteristics and the required

“thickness. If materials were to be combined to form the final

Golder Associates | D RAF T

34



_ 35
cover, then further tests would be required to determine mixtﬁre

quantities.

It is‘anticipated that any soil cover placed on the landfill will
require periodic maintenance. This maintenance would include

regrading of localized depressions and repair of cracks which

would allow surface water infiltration. Maintenance would be

required until the settlements have slowed or ceased.

DRAF'E‘
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5.0 ' MONITORING PROGRAM .

Recommendations for various monitoring programs at the Midway
site are given below. Monitoring of groundwater quality and

~settlement of the fill are discussed in detail. Monitoring of
surface water and methane gas will be addressed in more detail in
the final closure plan.

5.1 SURFACE WATER

A detailed assessment of the surface water monitoring program is
| not possible until various technical and legal issues regarding
the discharge and disposal of surface water from the‘Midway site
are resolved. These include allowable release rates and
discharge points. 1In general, surface water quality should be
regularly monitored to determine if it is being adversely
affected by the landfill after closure. Specific details of the
monitoring program should be worked out with the Washington
'~ Department of Eéblogy (WDOE) and the Health Department.

surface water should be monitored at any location where it
discharges from the site. It is'expected that both semi-annually
and.mohthly sampling and analysis of surface water for basic
leachate indicators will be required. More complete chemical
analysis is recommended initially after closure and then on an
annual basis. '

5.2 GROUNDWATER

5.2.1 _Regulatory Requirements

" ‘The WDOE has developed minimum functional standards for solid
 waste sites.  The standards basically require that landfills do

. -,” . I o > A gi:ﬁ}w : .“‘
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not pollute groundwater. Although specific water quality
standards are not given, it is expected that. maximum contaminant
levels in Table 5-1 along with primary and secondary drinking
water Standérds listed in Table 5-2 will be used in developing a

groundwater monitoring program.
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Table 5-1
Maximum Contaminant Levels Under
EPA Solid Waste Classification Criteria
1. Maximum contaminant levels for inorganic chemicals
Contaminant Level (milligrams
: per liter)
Arsenic ' 0.05
Barium : 1.0
Cadmium 0.010
Chromium - 0.05
‘Lead ' ‘ 0.05
Mercury : 0.002
Nitrate (as N) 10.0
Selenium 0.01
Silver ' _ ' 0.05
The maximum contaminant levels for fluoride are:
Temperature(1) Level
degrees Degrees (milligrams)
: Fahrenheit Celsius per liter
3.7 and below 12 and below 2.4
53.8 to 58.3 12.1 to 14.6 2.2
58.4 to 63.8 " 14.7 to 17.6 : 2.0
63.9 to 70.6 ' 17.7 to 21.4 - 1.8
70.7 to 79.2 21.5 to 26.2 ' 1.6
79.3 to 90.5 26.3 to 32.5 1.4
(1) Annual average of the maximum daily air temperature.
2. Maximum contaminant levels for organic chemicals.
Level
(milligrams
per liter)
(a) Chlorinated hydrocarbons:
Endrin (1,2,3,4,10,10-Hexachloro~6,7-epoxy-
1,4,4a,5,6,7,8, 8a-octahydro-1 4-endo, endo-
5,8- dlmethano naphthalene) ‘ 0.0002
" Lindane (1,2,3,4,5,6- Hexachlorocyclohexane,
'~ gamma isomer : ' 0.004
Methoxychlor (1,1, 1-Tr1chloro 2,2~-bis (p-meth-
oxyphenyl) ehtane) _ 0.1
»Toxaphene (C10H10C18-Techn1ca1 chlorinated :
camphene, 67 to 69 percent chlorine) - : 0.005
(b) Chlorophenoxys: :
-2,4-D (2,4-Dichlorophenoxy-acetic acid): 0.1
2,4,5-TP Silvex (2,4,5- _ , , o
Trichlorophenoxypropionic acid) ' ' 0.01
: . §i i Do
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Primary and Sécondary Drinking Water Standards

Constituent

- (National Primary and Secondary Drinking Water Regulations -~ EPA)

Maximum Contaminant

Zinc

- Golder Assoclates

. Levels
1. Primary Standards.

Arsenic 0.05 mg/1
Barium 1.0 mg/1
Cadmium 0.01 mg/1
Chromium 0.05 mg/1

Lead 0.05 mg/1
Mercury 0.002 mg/1
Nitrate as N 10.0 mg/1
Selenium 0.01 mg/1
Silver 0.05 mg/1
Fluoride 1.4 to 2.4 mg/1

(temp. dependent)
_Endrin 0.0002 mg/1
Lindane 0.004 mg/1
Methoxychlor 0.1 mg/l1
Toxaphene - .0.005 mg/1
2,4-D 0.1 mg/1
2,4,5-TP Silver 0.01 mg/1
2. Secondary Standards

Chloride 250 mg/1

Color 15 color units
Copper 1.0 mg/1
Corrosivity noncorrosive
Foaming Agents 0.5 mg/1

Iron 0.3 mg/1
Manganese 0.05 mg/1
Odor 3 threshold odor
) number

pH 6.5 to 8.5
Sulfate 250 mg/1
Sodium 20 mg/1

Total Dissolved Solids (TDS) 500 mg/1

Co ~ ' 5 mg/1

- DRAE
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Evidence indicates that groundwater below and adjacent to the
Midway landfill has been polluted by leachate. The published

- requirements for mitigation of existing leachate are applicable

to operating landfills. It is not certain how these requirements
will be applied to a landfill after closure.

The problem of existing groundwater pollution must ultimately be
resolved by discussions between the City of Seattle and the
appropfiate régulatory agencies. It is expected that monitoring
of existing pollution will be a minimum requirement.

5.2.2 Monitor Well Locations

WDOE standards require at least one upgradient.and two down-
gradient monitor wells. Recommended locations of monitor wells
are shown in Figure 5-~1. This array will provide upgradient and
dowhgradient monitoring at the site. ' The existing sampling wells
in hole BH-6 and BH-8 can be used as monitor wells. Three new
monitor wells are recommended: one approximately 300 feet north
of the fill to monitor upgradient quality; one southeast of the
site; One'approximately'600'feet south of the site. More wells
may be required in the future depending upon the data collected
from the five monitor wells recommended herein.

"Piezometers installed as part'of the initial site investigation
- should continue to be monitored. These installations will

prQVide useful information pértaining to water levels, water

.'QQUality and cover performance and should be monitored regularly.

Golder Assoclates
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'5.2.3 Monitor Well Construction.

Monitor wel;s should be constructed to comply with regulatory

standards and guidelines including:

o Well casing and screen should be made of a relatively
non-reactive material. PVC is generally acceptable,

most metals are not:

o PVC solvent or cement should not be used for plastic

well casing and screen;

o Wells should be drilled using air, water, or a biode-

- gradable mud as the circulating fluid, and should be

properly developed to remove any contamination
introduced during dr1111ng,

o] The annulus of each well should be sealed to prevent

surface water inflow;

o The top of each well should be equlpped with a locking

cover.

Wells at dangerous waste sites are'required to be a minimum of 4
inches in diameter to allow easy sample collection. Size
requirements at municipal landfills are uncertain. The WDOE has

~indicated that smaller wells (e.g., 2 inches) may be acceptable

if devices are provided which can sample small diameter wells.

A schematic of a typical monitor well is shown in Figure 5-2.
Proposed methods of monitor well construction should be approved
by the WDOE before wells are actually 1nsta11ed

Golder Assoclatee | : | D%A??
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5.2.4 Water Sampling and Analysis

Water samples can be taken by bailing or pumping the monitor
wells. The sampling device should be thoroughly .cleaned before
use and should be constructed of materials which will not

chemicaliy alter the sample.

Prior to collecting a water sample, a minimum of three well
volumes of water should be removed from the well. If the well is
in low yield materials, it is generally sufficient to pump the
well dry once and let it refill before collecting the sample. As
water is removed from the well its temperature, conductivity and

pH should be checked periodically. These parameters should

stabilize before collecting a sample.

Sampling procedures should be established in cocperation with the

laboratory responsible for the chemical analysis. Generally the
laboratory can provide sample bottles with preservatives already
added. Chemical analyses should be conducted by an EPA certified

laboratory.

Semi-annual sampling of monitor wells should be sufficient
although a final determination of sample frequency should be made
in coordination with the WDOE.

It is recommended that initially aICOmplete chemical analysis of
each well be made which will establish conditions at closure.
Thereafter it should be sufficient to analyze only for major
leachéte indicators. 1If significant increases in indicators. are
noted more complete analysis may be required. A representative
list of chemical constituents is‘given in Table 5-3.. The final
list should be developed in cooperation with WDOE.

42

Golder Assoclates | B g;f A FF




43
v Table 5-3
Recommended Groundwater Analysis

1. Parameters Analyzed Semiannually
Temperature Chloride
pH Iron
Conductivity COoD
Color TDS .
Turbidity TSS

2. Additional Parameters Analyzed Initially
Hardness Arsenic TOC
Alkalinity Barium BOD
Acidity Cadmium *Chlorinated Hydrocarbons
Phosphate Chromium **Chlorophenoxys
Sulfate ' Copper
Ammonia as N Lead
Nitrate as N ' Manganese
Nitrite as N " -Mercury
sodium Selenium
Fluoride Silver
Calcium ' Zinc
Odor Cyanide
Potassium Foaming Agents
Magnesium

* Endrin, Lindan
*,* 2'4"D’ 2’4,5—

5.3 METHANE GAS

e, Methoxychlor, Toxaphene
TP Silver

The EPA, in their Criteria for Classification of Solid Waste
Disposal Facilities (FR September 13, 1979), state that the

concentration of explosive gases should not exceed:

o Twenty-five percent of the lower explosive limit for

gases in facility structures (excluding gas control or

recovery systems);.

Golder Associates



o) The lower explosive limit for gases in soil at the
property boundary. (The lower explosive limit for
methane gas in air is about 4 percent by volume.)

These are criteria, not regulations, and thus are not specific

requirements for a closure system.

The closure system will incorporate a methane gas collection and
managehent system which will be designed to prevent offsite
migration throdgh the ground. However, it is not'possible to
guarantee 100 percent methane collection, -thus a gas monitoring
system should be established. ’

Figure 5-3 shows possible locations of gas monitor wells on the
periphery of the site. Note that two gas wells installed  as part
of the site investigation could be utilized for monitoring
methane. Figure 5-4 shows a typical gas monitor well design.
Any final designs for a gas monitor well system should be
developed in cooperation with WDOE and the Health Department.

5.4 SETTLEMENT

Decomposition and consolidation of the landfill will result in
significant’settlements. It is not possible to predict the
amount of settlement. However, it 1is useful to monitor
settlement 'in order to mitigate ad?erse affects (such as altered
surféce drainage, cracking of cover material) and to projeét long
term trends. |

An annual aérial\topographic survey would provide the desired
information. if annual aerial surveys are not practicai due to
cost or other considerations, settlement should be monitored by
setting up approximately 12 monitor stations on the landfill.

quder Assoclatés
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. 45
Locations should be chosen once final contours and land use are
determined. Each station would typically consist of a 2 foot by

2 foot steel-reinforced concrete block, about 12 inches thick and

buried at least several inches into the ground. The elevations of
each station should be surveyed at least once a year.

éolder Assoc‘:late‘s‘ " BR AF‘E‘




CONCLUSIONS-AND RECOMMENDATIONS

The stratigraphy at the site consists of the landfill
materials underlain‘by glacial outwash deposits. These
deposits consist primarily of permeable sand and
gravels with some silt, cobbles and boulders. Locally
they contain déposits of silts and clays.

Currently, offsite surface water from east. of Inter-

state-5 is being conducted into the landfill and onsite
surface water is being collected in various ponds
around the site. Due to the large amount of surface
water entering the landfill, a perched groundwater
mound containing leachate has formed in the landfill.

This leachate is ultimately infiltrating the

groundwater.

" Gradients indicate that the groundwater flow direction

at the site is predominantly to the south. This
direction may be influenced by the perched groundwater
mound in the landfill and the surface water ponds
around the landfill, and may change direction after

closure or during dry seasons of the year.

Various conceptual design elements for the closure of

the landfilllare presented in Section 4. They include-

placement of a soil cover, methane gas venting/

'collection;'leaéhate collectiOn, bottom sealing and/or

7', groundwater interception. 'As a minimum, we recommend

'that offsite surface water be rerouted arohnd the

‘ '*1andfil1y»the landfill be graded’tb allow adequate on-

'site surface water'runoff, and a low permeability soil

cover be placed over the landfill. This will reduce

o

bl

Golder Assoclates
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the amount of leachate entering the groundwater. A gas
collection system should be placed underneath the cover
to collect and vent any methane gas generated. Various
methane gas cutoff trenches.will be needed to intercept
gas that is migrating to the west, off of the site.
Details of these sYstems are presented in Section 4.0.

Depending on the particular elements chosen for the
closure system, further detailed geohydrologic studies
may be necessary (i.e., pump tests, more boreholes,

“etc.).

Chemical water quality ahalyses are needed to assess
the level of leachate contamination.

A long-term monitoring program should be implemented .

which includes periodic analysis of surface water and
groundwater which exit the site. Monitoring should

also include methane gas migration and settlement of

the landfill. A suggested monitoring plan and schedule
are presented in Section 5.0. It is recommended that
the extent of the existing plume should be determined
and monitored.

o Goldér'Assoclates-' o
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CONDUCTIVITY SURVEY - _
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AREAS OF HIGH METHANE GAS CONCENTRATIONS Figure 3-9
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SCHEMATIC OF SYSTEM FOR _
GROUND WATER INTERCEPTION Figure 4-3
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METHANE GAS COLLECTION SYSTEM : - Figure 4-4
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1.0 : INTRODUCTION

1.1 GENERAL SITE DESCRIPTION

The City of Seattle is currently operating a municipal landfill
known as the Kent Highlands landfill. The Kent Highlands
landfill which has been in operation since July, 1968 is located
approximately 16 miles south of downtown Seattle and approxi-
mately one-half mile east of the Midway interchange on Interstate
5 (see Figure 1-1). The landfill covers an area of approximately
50 acres and is situated in a small ravine tributary to the Green

River.

Previous investigations indicate that the natural ground beneath
the landfill was poorly drained and swampy prior to filling. A
small stream flowed through the ravine, fed by springs along the
foot of the northern slope and by surface runoff.

The entire siﬁe has been covered with fill with current
operations taking place in the south-central portion of the area.
Filling operations on the eastern portion have ceased and the
area has been benched with approximétely 15 £t terraces, graded
to an overall slope angle of approximately 4 horizontal to 1

vertical and revegetated with grass.

The daily operation consists of waste being hauled in trucks from
the City of Kent and the City of Seattle. The trucks'are
unloaded and the waste is then spread by a tractor equipped with
special ‘'sheeps foot" type wheels to increase compaction. Soil
from the area immediately north of the ravine is hauled in by

- scraper and used daily as cover material over the freshly dumped

refuse..
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1.2 PURPOSE AND SCOPE

Prior to this study numerous investigations concerhing the
geological and hydroldgical conditions at the Kent Highlands

landfill had been conducted.

The purpose of this investigation

was to assemble all available information and ascertain the

feasibility of possible closure system elements.

Specific

objectives were to:

1)

S 2)

3)

4)

5)

6)

Review the geologic and hydrologic conditions beneath

and adjacent to the landfill;

'Analyze the geological and hydrological conditions in

order to determine the feasibility of various closure

system design elements;

Assess the performance of the existiné leachate

collection system;

Address the following_eiements for a closure system

design

surface water management :
leachate/groundwater management
-methane gas.management

cover design;

0O 0 0 ©

Provide ‘conceptual geotechnical design details for the

proposed elements;

Recommend a long term performance monitoring system.

DRAFT
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This investigation included a review of existing data, field and
laboratory investigations of the site and of potential borrow
materials, and an engineering analysis of the data to provide
designs of various eléments of conceptual'closhre systems.

This study only addresses the geotechnical and hydrological
aspects of a closure system. Detailed studies which would be
required to assess the extent of potential-contaminatidn beyond
the immediate landfill area and predict future contaminant
migration were beyond the scope of this work, as was the design
of measures to mitigate any existing contamination beyond the -

limits of the landfill.
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2.0 INVESTIGATION PROGRAM

2.1 REVIEW OF EXISTING DATA

A comprehensive review of existing information pertaining to the
Kent Highlands site was undertaken. 1Included was:

o previous geologic and hydrologic investigations;
o aerial photographs and topographic maps of the site;

o monitoring records for pneumatic piezometers,
slope indicators, and existing wells;

o construction drawings for installation of the toe
buttress and the leachate collection system.

A complete list of all documents reviewed is contained in
‘Appendix A. Pertinent data from these documents is discussed in

this report.
2.2 FIELD INVESTIGATIONS

Based upon information from previous investigations at Kent
Highlands, n6 further drilling to determine geologic and
hydrologic information was deemed necessary. Field
investigations were conducted to identify existing facilities,
map the occurrence of surface water, obtain field water quality
~samples, measure water levels, measure methane gas levels, and
identify possible sources of final cover material. These items

are discussed indiﬁidually below.
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2.2.1 Surface Water Mapping

Surface water occurrence was mapped on January 27, 1982. The
locations of seeps and ponded water in and around the landfill
were also identified. Water levels of ponds in the proximity of
the landfill were later surveyed. Surface water occurrence is
‘shown on Figure 2-1.

'2.2.2 Surface and Groundwater Sampling and Testing

 Between the dates of January 27, 1982 and April 8, 1982 all
piezometers, test wells and monitor wells installedAduring
previous investigations (see Figure 2-1) were located and water
level measurements were taken. -

Field water quality tests were conducted in all monitor wells
using a downhole probe. The water was analyzed for basic field
water quality parameters including temperature, salinity and
conductivity. A field water quality sample from TW-2 was
.obtained with a nitrogen sampler and anaiyzed. Basic field water
quality tests were also conducted in surface water ponds present
" at the time of the field study.

The results of all field water quality tests are listed in
Appendix-C. No laboratory water quality analyses have been

completed to date.

2.2.3 Methane Gas Monitoring

The presence of methane gas was tested for in all piezometers,
test wells, and monitor wells that were accessible. Results are

presented in Appendix C.
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2.2.4 Surveying

The City of Seattle provided services to survey the locations and
'elevations of all piezometers, test wells, monitor wells, and
surface water ponds at the Kent Highlands site. Results are

presented in Appendix C.
2.3 COVER MATERIAL SEARCH

An investigation was undertaken to determine potential sources of
fine sand, silt or clay which could be used separately or
combined with other granular materials to form a suitable final
cover. A number of City; County and State offices were contacted
concerning possible sources of final cover materials. A complete
list of the people and offices that were contacted as well as any
information that was obtained is presented in Appendix D.

2.4 LABORATORY INVESTIGATION

A laboratory investigation. was conducted to ascertain the basic
geotechnical and hydrologic properties of the potential cover

materials.
Laboratory tests conducted included the followiﬁg:
gradation

compaction
natural moisture content

O 0 O O

permeability

. Procedures for individual tests are identical to those described
in Part I of this report. The results of the laboratory
investigation, are presented in Section 3.0.
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3.0 -GEOLOGIC AND HYDROLOGIC CONDITIONS

3.1 GEOLOGY

3.1.1 Regional

The geographic features in southwestern King County are a result

of the Vashon glaciation. The steep sloped ravine, in which the

Kent Highlands landfill is located, is a stream erosion feature

cut into the bluffs along the west side of the Green River
Valley. The lower portions of these bluffs consist of kame

terrace deposits of silty sands and gravels which were deposited

alongside earlier formations. West of the kame terrace deposit,

the surface is covered by a ground moraine underlain by glécial

drift depos1ts consisting generally of dense silty sand with

varying amounts of gravel.

3.1.2 Site Specific

The site specific geologic conditions in the vicinity of the Kent
Highlands landfill were determined from review of previous

investigations of the site.

Generally, in the upper portions of the ravine the strétigraphy
consists of landfill materials overlying glacial drift deposits
of fine to mgdium silty sand to sandy gravei. Underneath these
glacial deposits are stream and/or lake deposits which consist of
clay and silt to fine sand. Underlyihg the majority of the

~1andfi11 is clayey silt with fine sand seams and gravelly -clay
- and silt. Exposed in the upper_portion of the ravine along the

south wall is a hard stratified silt. 1In the ravine bottom are
recent deposits of loose sand containing organic matter. At the

"‘mouth of the ravine a deposit of peat, containing lenses of sand

blankets the bottom to a depth of approximately sixteen feet.
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Figure 3-1 shows three cross sections through the landfill.
These seéctions have been drawn to intersect several of the
exploration locations and generally indicate the major geologic
features occurring at the landfill. ‘

To insure the stability of the eastern slope of the landfill a
rockfilled toe buttress was constructed to increase the shearing
resistance at the toe and provide drainage of groundwater/
leachate out of the landfill. ' '

Piezometers were placed in the peat deposit located in the lower
portion of the ravine to monitor the consolidation of the peat as
the filling operation proceeded. Slope indicator casing was
installed at two points down-slope of the toe buttress to monitor
any slope movements which would indicate the initiation of any

slope instability.

Data from these installations has been reviewed. Piezometers
have not shown any excessive pore pressure build up in the peat
deposits although a gradual rise in the piezometric levels has

" occurred which is believed to be a result of increased leachate

levels within the landfill. Monitoring of slope indicator casing
has not indicated any displacement since installation.

3.2 SURFACE WATER

3.2.1 Regional

Figure 3-2 shows the ground surface contours in the vicinity of
the Kent Highlands landfill. The dashed line indicates the
approximate drainage divide between the Green River and Puget
Sound. Surface water falling on the Kent Highlands site will
flow into the Green River.
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3.2.2 site Specific

Figure 3-3 illustrates existing surface water facilities at Kent
Highlands. Offsite surface water originating west of the
landfill is collected in a storm drainage line that routes water
around the south side of the landfill to a settling pond in the
valley floorfadjacent to the Green River. Offsite surface water
from north of the site is collected in onsite settlement ponds
and eventually discharges into the Green River. Onsite surface
water is conducted through various lined and unlined channels
into one of three settlement ponds. From the settlement ponds it
is also discharged into the Green River.

Field water quality tests were conducted in the surface water
settlement ponds, the un-named creek and the Green River. The
results of all field conductivity tests are shown in Figure 3-4.
Conductivity readings for uncontaminated surface water in this
area are probably in the range of 100 .to 300 p mhos/cm, with
readings greater than this indicating leachate contamination.

As can be seen in Figure 3-4, leachate contamination has been
noted in the surface water ponds and drainage courses east of the
toe buttress. According to city officials, this contamination is
thought to be a result of leachate migration prior to the
construction of the toe buttress and settlement ponds. Leachate
seeps near the surface of the landfill also probaly contribute to
the contamination of surface water draining off of the site.

3.3 GROUNDWATER

3.3.1 Regional

Approximate contours of the regional groundwater table are shown
in Figure 3-5. These contours were constructed from static water

Golder Assoclates
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levels of various wells in the area reported in Water Supply
Bulletin No. 28. (Luzier, 1969). Water levels were obtained from
drillers logs and were measured over a period of years from
various depths and aquifer horizons resulting in significant
scatter in the readings. Non-representative'readings may also
have resulted from water level measurements taken shortly after
wells were pumped which could account for some‘of the areas of
localized depression of the groundwater contours. In general, the
groundwater contours follow the same pattern as the ground
surface contours. Regional groundwater contours indicate that
there is a groundwater mound north of the Kent Highlands landfill
from which water is flowing out in all directions. The landfill

is located on the east side of this mound and groundwater is

flowing east through the site towards the Green River.

3.3.2 Site Specific

Static water level elevations in all piezometers, well points and
monitor wells that were locatéd during the field investigation
were measured and are shown in Figure 3-6. Some piezometers and
wells installed during previous studies were either not‘accessi-
ble or no.longer'exist. Water levels indicate that groundwater
is flowing into the ravine and then towards the Green River.

During operation of the landfill various facilities were
constructed to control groundwater and leachate. These
facilities are schematically shown in Figure 3-7. 1Investigations
conducted prior to filling identified a zone of groundwater
springs on the north side of the ravine near elevation 100 feet.
These springs are currently being intercepted by a system of
drains and conducted in CMP culvert to a leachate treatment pond.
Groundwater/leachate within the landfill material is being
collected by various leachate collection lines, generally

Golder Assoclates
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1
constfucted of 4 inch corrugated ABS plastic drain pipe, located
within the landfill. These lines are not indicated on Figure 3-7
because their location and condition are not known. Additional
lines are placed during the filling operation to ihtercept and
collect leachate seeps once they appeér at the surface.

The toe buttress drain collects éroundwatér/leachate which is
pumped in;o the leachate treatment pond. Currently a small pond
located just below the toe drain is collecting surface water
flowing off the landfill which contains leachate. There is some
indication that small quantitiés of leachate may be bypassing the
toe drain and also entering this small pond. These seéps are
apparently surficial and do not indicate leachate flow in
'groundwater bypassing the toe drain. Water . collected in this
pond is also being pumped into the leachate treatment pond. All
water after primary treatment in the leachate treatment pond, is
discharged into Metro sewer lines. o

Field water qguality tests were conducted in all monitor wells
located below the toe drain and on a sample obtained from TW-2
located north of the fill. The results are presented in Appendix
B and conductivity values are shown in Figure 3-8. Conductivity
readings for uncontaminated groundwater in this area are in the
‘range of 100 to 200 umhos/cm based upon samples from TW-2 and the
deep monitor wells. Readings over this indicate possible
leachate contamination.

Monitor wells which are located downstream of the toe drain are
constructed ofvzfinch diameter PVC pipe with a 2-foot slotted
tip. Each monitor well consisted of 3 pipes sealed into specific‘
intervals with bentonite. Results indicate that leachate has
only contaminated the near surface soils. This contamination
probably occurred before the toe drain and buttress were
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installed. The landfill had been in operation approximately 11
years before these installations were completed. Water levels in
the mbnito: wells indicate that there is a positive gradient
towards the toe drain from east of the buttress (see Figure 3-1).
The toe drains thus provide ‘a sink for the groundwater and
leachate in the area and should prevent migration of leachate
outside of the landfill along the eastern boundary.

3.4 METHANE GAS

The presence of methane gas was tested for in all piezometers,
test wells and monitor wells that were accessible at the time of
the field investigation. The presence of methane was detected in
PZ-2 (shallow) and PZ-5 which had concentrations of 50% and 0.8%,
respectively. All remaining sites indicated less than 0.1%. Gas
migration is probably occurring in the medium to coarse-grained
glacial drift deposits that are in contact with the landfill

materials (see Figure 3-1).

Various gas burners are located throughout the landfill to vent
methane gas. In most cases they have been placed over leachate
collection lines which also'serve as methane collection lines.
The burners generally consist of metal pipe approximatély,10 feet

12

long with a wind shield at the top. Based on observations, there

appears to be a fairly steady flow of gas from these burners.
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4.0 ' ELEMENTS OF A CONCEPTUAL CLOSURE DESIGN

4.1 REGULATORY REQUIREMENTS

The specific requlatory requirements pertaining to the Kent
Highlands landfill are the same as those for the Midway landfill

presented in Part I of this report.

The King County Health Department and the WashingtonvDepartment
of Ecology have enforcement'power over the regulations. The
various conceptual c1osure design elements and recommendations
discussed below are intended to satisfy regulatory requirements

© concerning:

Surface water management
Leachate/groundwéter management
Methane gas management

Final grade contours.

0O O 0 o

The particular elements that are incorporated into the final
closure system at the Kent Highlands landfill will depend on a
number of factors including regulatory requirements, final land

use and cost.
4.2 SURFACE WATER MANAGEMENT

Offsite surface water runoff is curfently being conducted atound
the site and into settlement ponds before it is discharged into
the Green River. Onsite surface water is also being conducted
into settlement ponds before discharging into the Green River.
The initial conductivity measurement of the surface water
indicates that it is probably being contaminated with leachate.
Contamination is probably the result of leachate seeps on the
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surface of the landfill and surface runoff from areas of exposed
refuse. After closure and placement of a final cover this
contamination should not be a continuing problem provided the

integrity of the cover is maintained.

As part of the final closure plan, an effective surface water
management system must be developed which provides adequate
drainage and release of surface water and controls infiltration
into the landfill. This will probably involve appropriate

14

grading of the site to provide drainage and analyses to determine - -

if existing retention facilities are adeguate to handle the
design storm runoff. Specific recommendations for surface water
management will be presented in the final closure plan.

The major geotechnical concern regarding surface water managemént
is the control of infiltration into the landfill since this
seﬁves to generate leachate. Measures to control infiltration
include contour grading of the site and placement of a soil
cover. Details of these measures are discussed further in

Section 4.4 and 4.5 réspectively,

4.3 LEACHATE/GROU&DWATER MANAGEMENT

A leachate collection system is currently in operation at the
Kent Highlands landfill consisting of the toe buttress drains,

the spring drains and other leachate drains located beneath and

in the fill. It is apparéntly intercepting most or all leachate
which is being produced by the landfill. Field water quality
tests_and water level elevations indicate that'the-spring drains
are operating effectively in intercepting the spring‘water
identified along the north side of the ravine. Due to poorly

" sealed joints or deterioration of the CMP line carrying the

spring water, a small amount of leachate appears to be
contaminating the water at some point along the line. '
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If the leachate collection system continues to opefate'in its
current condition the major source of leachate after steady-state
post-closure conditions have been reached will be surface water
infiltrating through the cover. Various conceptual designs for

the control of surface water infiltration and for insuring the.

long term performance of the existing leachate collection"systemv

are presented below.

4.3.1 Soil Cover

Placement of a cover is intended to restrict the quantity of
surface water infiltrating into the landfill and thus reduce
leachate production. As a minimum requirement, the landfill
should be capped with 2 feet of compacted soil or equivalent.
Generally, soil covers should consist of a relatively 1low
permeability compacted soil layer overlain by topsoil and a
vegetative cover. At the Kent Highland landfill, however, due to
the existence of a leachate collection system, a low permeability
cover may not be required. Placement of a permeable soil cover
would result in greater long-term ieachate production but if

appropriate measures were taken to collect and treat the

additional leachate, this may be a more attractive option than
plabement’of a low permeability cover. The long-term leachate
production with a permeable soil cover would probably be similar
in volume to that currently being produced. 1In either case, the
cover should be embedded at least 2 feet into the‘natural soils
surrounding the landfill. 1In general, soils for a final cover
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should be chosen which retard infiltration, are resistant to wind

and surface water erosion, are plastic enough to accommodate
settlements with limited maintenance and are fertile enough to
sustain vegetation. The specific deéign of a soil cover and
availability of materials are addressed in Section 4.5.
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4.3.2 Leachate Production

A compacted soil cover will not provide a completely impermeable
barrier to infiltration. Therefore, an estimate of infiltration
through the cover into the landfill has been made to assess
potential quantities of leachate production for various cover

permeabilities.

The hydrologic system existing after placement of a soil cover is
conceptually‘shown in Figure 4—1.A Water is provided to the
landfill by precipitation and is lost by surface runoff,
evapotranspiration and infiltration through the landfill into the
groundwater. Water within the landfill will flow vertically
until encountering low permeability layers within the £i11 itself
or until it reaches the regional groundwater, '

16

A water balance method ,was used to estimate infiltration, the

details of whichlare provided in Appendix E. For the anticipated
range of cover permeabilities, 10-5 to 10-7 cm/sec, the

volume of annual infiltration through the cover ranges from
approximateiy 28.75 to 1.3 acre-feet.

' The above quantities of leachate production are only estimates.

Variations in cover characteristics, vegetation, precipitation
and other factors will significantly affect the net quantity of

~ leachate produced in the landfill.

4.3.3 Leachate Collection

The existing leachate collection system ‘is considered to be

‘adeqhate to control leachate produced in the landfill provided -

that the existing spring drains and leachate collection lines
remain operational. It is -our understanding that the spring
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drain lines are constructed of 12-inch diameter CMP. The
corrosive environment within the landfill will almost certainly

cause the metal pipe to deteriorate. Field water quality tests:

indicate that at present a small amount of leachate may already
be entering this pipe. Plugging or complete collapse of the
spring drain line will increase seepage into the landfill thus
producing more leachate. If the permeability of the landfill is
low enough, a localized groundwater mound could form within the

landfill material which might result in leachate flowing
- northeastward, bypassing the leachate collection system.

At thisltime it is not known whether the spring drains must
remain fuhctioning after closure to prevent leachate from

. bypassing the leachate collection system. One method of keeping

them functional is to replace the existing spring drain line
with a corrosive resistant line. This would require excavating
thfough the £fill to remove the o0ld pipe and then replacing it
with a thickwalled polyethelene>pipe. During construction the
spring drains would also be inspected to determine their

‘condition. Based on the length and depth of the line, a large

portion of the landfill materials would have to be excavated for
the installation. Thus, it is not considered to be a practical

- or an economically attractive alternative.

An alternative to replacing the existing line is to provide a
groundwater monitoring system capable of detecting leachate

buildup in the area which could cause bypassing of the collection

system. If required, water could be pumped from wells located in
fill adjacent to the spring drains thus preventing any leachate

escape. As with the water collected from the spring'drains,v
water pumped from these wells would have to be treated before
" being discharged. Figure 4-2 shows approximate locations of

these monitoring wells,

Golder Assoclates
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Previous studies (Johnson and Kokita, 1976) have shown that
intercepting these springs with pumped wells, before they enter
the landfill, is not a practical alternative. -An excessive
number of wells and high pumping rates would be required to
intercept the spring completely and it may result in leachate
being drawn into the well due to the induced gradients towards

the well.
4.4 METHANE GAS MANAGEMENT

The majority of methane gas generated by the landfill is venting
to the atmosphere or being burned by gas burners located in the
landfill. Some methane gas has been detected to be traveling to
the west of the landfill within the glacial deposits that are in
contact with the landfill. The methane gas mahagement system
must address both types of migration.

. For the controllof deep methane gas migration west of the

landfill, a series of deep methane gas collection wells could be

- constructed within the permeable deposits in which the gas is

migrating. The number and spacing of the wells would be
dependent on'fufther exploration and testing to determine the
concehtratioh and horizontal extent of ‘the §as migratién.
Depending on the size and depths of these wells it may be
necessary to apply a negative preséure to remove the gas.

For the control of gas venting at the surface of the landfill, a
collection system incorporated into the cover is recommended.
This would consist of a layer of permeable coarse granular
material immediately under the final cover with a network of

gravel tréﬁches and collection pipes to conduct the gas to

topograghic highs where it could be burned, vented or collected
(see Figure 4-3). It is important that if a low permeable final

f“;r‘f For
et L\, foee ‘

&
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cover is not used, that the granular material used to collect gas
be at least 2 orders of magnitude more permeable than the cover.
Otherwise gas may tend to migrate vertically up through the

cover.

Since final contours of the site have not been determined,

‘existing contours have been used for the conceptual design. The

19

only major change that would be required by a change in the

‘contours would be that the collection points would be moved to

the new topographic highs. Depending on the type of system and
the number and location of vents/collection points, it may be
necessary to apply negativé pressure to remove the gas.

An alternative methane collection system could consist of methane

"collection wells, drilled at sufficient spacing within the

landfill to vent the build-up of methane beneath the cover.
However, it is considéred that these wells will not tolerate
defletions to the extent that flexible pipe will, and thus
long-term maintenance may be economically unattractive.

-We understand that studies are being conducted by representatives

of the owner to determine the feasibility of collecting methane

generated at the landfill for commercial use. These studies were

not available for this report. The conceptual methane gas

"management system presented above centralizes the gas collection
points and could possibly be incorporated into the commercial

recovery system. However, significant changes may be required
depending upon the final design of a commercial system. If
commercial recovery is not utilized, then methane must be vented

.. or burned in a controlled manner.
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4.5 FINAL GRADE CONTOURS

We understand discussions are currently taking place between the
City of Seattle, the City of Kent and the landowners concerning

the final contours of the site. Thus, in our analyses we have

assumed that existing contours are representative of those at

closure.

Contour grading of the landfill is a simple and effective means
for.controlling surface infiltration. Grading the landfill to a

profile of a maximum of 12 percent and a minimum of 6 percent

with side slopes no steeber than 20 to 25 percent will allow
surface water to drain from the site and will minimize
infiltration (Tolman, 1978). If the minimum slopes are not

compatible with the intended final land use, then subsurface

drains may be required to control infiltration. The final
surface eonfiguration of the landfill should be designed to
permit drainage even after settlement of the landfill (estimated
to be up to 20 to 25%). It may be hecessary to'continually
maintain the surface grade during the flrst 5 to 10 years after
closure when the settlement will be greatest. Coe

-Any final land use that is planned for the Kent Highlands

landfill must accommodate the required contour gradihg of the
site, the expected settlements, periodic maintainance and the
methane gas control system.

‘4.6 FINAL COVER DESIGN
Various types of artificial and natural material can be used as a
final cover material. Impermeable covers such as concrete,

asphalt and synthetic liners are very expensive and would
typically only be required when the toxicity level of the waste

Golder'Assoclates

20

DRAFT



material is extremely dangerous to public health (Kastman, 1981)f
We recommend that the soil cover system consist of a moderate to

_low—permeability cover material which is overlain by topsoil and

a vegetative cover.

Details concerning selection and placement of a low permeability
cover are discussed in Part I of this report. 1If a moderate
permeability cover (on the order of 10-5 cm/sec) is used,

similar requirements for thickness and compaction should be

followed.

Samples of material from the abandoned sand and gravel operation

located just north of the Kent Highlands site were tested to

determine their feasibility as a final cover. Test results are

presented in Part I. Tests indicated permeability values around

10-5 cm/sec. This would be unacceptable for a low
permeability cover which is intended to reduce infiltration.

However, at the Kent Highlands site this may not be airequirement
and a material of this permeability may be acceptable.

21
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5.0 ’ MONITORING PROGRAM

Recommendations for various'monitoring programs at the Kent
Highlands site are given below. Monitoring of groundwater
quality, leachate levels and settlement of the landfill are
discussed in detail. Monitoring of surface water and methane gas

‘'will be addressed in more detail in the closure plan.

S.1 SURFACE WATER .

In general, surface water quality should be regularly monitored
to determine if it is being adversely affected by the landfill
after closure. 'Specific details of the monitoring program should
be worked out with the Washington Department of Ecology (WDOE)

and the Health Department.

- Surface water should be monitored at anyllocation that it
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discharges from the site, namely the un-named creek (see»Figure

5-1). If initial monitoring ‘indicates that leachate is present
in the surface water at this point then additional points should
be sampled to further pin-point the source of the leachate.

It is expected that either quarterly or monthly sampling and
analysis of surface water for basic leachate indicators will be

sufficient. More complete chemical analysis may be required
initially after closure and then on an annual or other basis.

5.2 GROUNDWATER

5.2.1 Regulatory Requirements

The requlatory requirements governing groundwater monitoring at
the Kent Highlands site are the same as those discussed in Part I

for the Midway landfill.
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- To date, evidence indicates that groundwater east of the toe

drain and buttress is not contaminated and that near-surface
contamination may be a result of the contamination that existed
before placement of the toe drain. Legal responsibilities and

'requirements for mitigation of the existing leachate are not

clear. This problem must ultimately be resolved by discussion
between the City of Seattle and the appropriate regulatory
agencies. It is expected that monitoring of existing pollution

will be a minimum requirement.

'5.2.2 Monitor Well Locations

WDOE standards require at least one upgradient and two down-
gradient monitor wells. Recommended locations. of monitor wells

‘are shown in Figure 5-2. This array will provide upgradient and

downgradient monitoring at the site. The existing monitor wells
below the toe drain are incorporated into this system. Six
additional monitor wells are recommended: ~one approximately 300
feet west of the landfill to monitor upgradient quality; and
three north and two south of the landfill. More wells may be
required in the future depending upon the data collected from the
three additional monitor wells recommended herein.

Piezometers and test wells that are still existing from previous
investigations should continue to be monitored. These
installations will provide useful information pertaining to water

levels around the site.

5.2.3 Monitor Well Construction

Monitor wells should be constructed to comply with regulatory

standards and guidelines including:

Golder Assoclates
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0 Well casing and screen should be made of a relatively
non-reactive material. PVC is generally acceptable, most

metals are not;

o) PVC solvent or cement should not be used for plastic well

casing and screen;

© - Wells ‘should be drilled using air, water, or a
biodegradable mud as the circulating fluid and properly
developed to remove any contamination introduced during

drilling;

o The annulus of each well shohld be sealed to prevent

surface water inflow;

o The top of each well should be equipped with a locking

cover,

Wells at dangerous waste sites are required to be a minimum of 4
inches in diameter to allow easy sample collection. Size
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requirements at municipal landfills are uncertain. The WDOE has

indicated that smaller wells (e.g., 2-inch) may be acceptable if
devices are provided which can sample small diameter wells. A
schematic of a typical monitor well is shown in Figure 5-3,

Proposed methods of monitor well construction should be approved .

by the WDOE before wells are actualiy installed.

5.2.4 Water Sampling and Analysis

Water samples can be taken by bailing or pumping the monitor
wells. The sampling device should be thoroughly cleaned before
use and should be constructed of materials which will not

chemically'alter the sample.

DRA
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Prior to collecting a water éample, a minimum of three well
volumes of water should be removed from the well. If the well is
in lowkyiéld materials, it is generally sufficient to pump the
well dry once and let it refill before collecting the sample. As
water is removed from the well its temperature,ACOnductivity and
PH should be qhecked periodically. These parameters should

stabilize before collecting a sample.

Sampling procedures should be established in cooperation with the
laboratory responsible for the chemical analysis. Generally the
laboratory can provide sample bottles with preservatives already’
added. Chemical analyses should be conducted by an EPA certified

laboratory.

Semi-annual sampling of monitor wells should be sufficient
although a final determination of sample frequency should be made
in coordination with the WDOE. |

It is recommended that initially, a complete chemical analysis of
‘each well be made which will establish conditions at closure.
Thereafter it should be sufficient to analyze only for majof
leachate indicators. If significént-inéreases in indicators are
noted more complete analysis may be required. A representative
‘1list of chemical constituents is given in Table 5-1. The final
list should be developed in cooperation with WDOE. '
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Table 5-1
Recommended Groundwater Analysis

1. Parameters Analyzed Semiannually .

Temperature Chloride
pH ~ Iron
Conductivity (ol0))
Color TDS
Turbidity ] TSS

2. Additional Parameters Analyzed Initially

Hardness - Arsenic TOC
Alkalinity Barium BOD
Acidity . Cadmium

Phosphate - Chromium **Chlorophenoxys
Sulfate : Copper

Ammonia as N Lead

- Nitrate as N Manganese
Nitrite as N . Mercury
Sodium Selenium
Fluoride Silver

-Calcium Zinc
Odor Cyanide
Potassium Foaming Agents
Magnesium ‘

* Endrin, Lindane, Methoxychlor, Toxaphene
.** 204-D,V 2'4’5-TP Silver

5.3 METHANE GAS
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*Chlorinated Hydrocarbons

The EPA In their Criteria for Classification of Solid Waste
Disposal Facilities (FR September 13, 1979) state that the

concentration of explosive gases should not exceed:

o

Twenty~-five percent of the lower explosive limit for
gases in facility structures (excluding gas control or

recovery systems);
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o The lower explosive limit for gases in soil at the
property boundary. (The lower explosive limit for
methane gas in air is about 4 percent by volume.)

|

|

i

i o |
These are criteria not regulatibns, and thus are not specific'

' . requirements for a closure system. The closure system will
incorporate a methane gas collection and manégement'system which

' ' will be designed to prevent offsite migration through the ground. -
However, it is not possible to guarantee 100 percent methane E

' collection, thus a gas monitoring system should be established.

I

i

I

i

Figure 5-4 shows possible locations of a gas monitor wells around
the periphery of the site. Figure 5-5 shows a typical gas
monitor well design. Any final designs for a gas monitor well
system should be developed in cooperation with WDOE and the

Health Department.
5.4 SETTLEMENT

Decomposition and consolidation of the landfill will result‘in
significant settlements. It is not possible to predict the
amount of settlement beforehand. However it is useful to mohitbr
settlement in order to mitigate adverse affects (such as altered
surface drainage, cracking of cover material) and to project lohg

. term trends.

I

i

l An annual aerial topographic survey would provide the desired
information. If annual aerial surveys are not practicl due to

I cost or other considerations, settlement should be monitored by
setting up approximateiy 12 monitor stations on the landfill.

. ’ Locétions should be chosen once final contours and landuse are
determined. Each station would typically consist of a 2 foot by

II o o

i

I
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2 foot steel-reinforced concrete block, about 12 inches thick and

buried at least several inches into the ground. The elevations of

each station should be'surveyéd at least once a year.

DA
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CONCLUSIONS AND RECOMMENDATIONS

The stratigraphy at the Kent Highlands site consists of
the landfill materials underlain by glacial drift

deposits of sand to gravel. These are underlain by

stream/lake sediments of clay and silt to clean fine
sand. Exposed. on the south bank of the ravine in which
the landfill is located is a stratified silt which is
believed to underlie most of the site. At the toe of
the landfill there are fine sand deposits underlying

peat deposits.

The groundwater table is sloping down from the west
towards the Green River. Prior to the landfill, seeps
were observéd on the north bank at approximately
elevation 100. Below this elevation the groundwater is
very close to the pre-landfill ground surface.
Groundwater north and south of the landfill is flowing

towards the center of the ravine,.

High concentrations of methane gas were identified'in
coarse~grained glacial deposits which are in contact
with the landfill along its western perimeter. The
extent of gas migration out of the landfill to the west

is not known.

Offsite surface water is currently being diverted
around the site. Onsite surface water is being
conducted into settlement ponds before discharging into

the Geen River.

.rq".‘ L Is '
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Groundwater/leachate is being collected by a leachate
collection system within the landfill and by a drain
placed in the toe buttress located at the base of the
eastern slope of the landfill. Springs which once

~entered the ravine on the northern slope are being

collected and conducted by pipes to a leachate treat-
ment pond. This pond also accepts the leachate

'collected in the leachate collection system and the toe

drain. The water in the treatment pond is subjected to
primary treatment and then discharged into Metro sewer

lines.

Following closure, the landfill should be capped with a
moderate to low permeability cover to reduce leachate
productibn and to control methane migration. A methane
collection system should be incorporated into the soil
cover design. Recommendations for the design of these

systems are presented in Sections 4.3 and 4.5.

- The existing groundwater/leachate collection system and

the spring drain collection system at. the Kent High-
lands landfill are currently operating adequately.
However, long-term performance of theAsystem, particu-
larly the spring drains is uncertain. Conceptual
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recommendations to insure that the existing systems

continue to operate effectively (presented in Section
4.2) include replacement of the spring drain line

and/or the placement of monitoring wells to monitor

water levels adjacent to the spring drains and the
spring drain line and continued monitoring of the toe

drain.
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8. A long term monitoring program should be implemented
which includes periodic chemical analysis of surface
water and groundwater which exit the site. Monitoring
should also include methane gas migration and
settlement of the landfill. A suggested monitoring
plan and schedule are presented in Section 5.0.

9. Depending on the various closure elements that are
incorporated into the final design, additional

evaluations may be required including:

Further assessment of gas migration;

Permeability characteristics of landfill materials;
Further testing of potential cover materials;
Laboratory water quality analysis. »

0O 0 0 O

Respectfully submitted,

GOLDER ASSOCIATES
Charles W. Lockhart -

Jerry Rowe
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LOCATION

PLAN — KENT HIGHLANDS. LANDFILL

Figure 1-1
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